Objective. To describe the frequency and characteristics of antibiotic prescribing for different types of contacts with the Danish out-of-hours (OOH) primary care service. Design. Population-based observational registry study using routine registry data from the OOH registration system on patient contacts and ATC-coded prescriptions. Setting. The OOH primary care service in the Central Denmark Region. Subjects. All contacts with OOH primary care during a 12-month period (June 2010 -May 2011). Main outcome measures. Descriptive analyses of antibiotic prescription proportions stratifi ed for type of antibiotic, patient age and gender, contact type, and weekdays or weekend. Results. Of the 644 777 contacts registered during the study period, 15.0% received an antibiotic prescription: 26.1% resulted from clinic consultations, 10.7% from telephone consultations, and 10.9% from home visits. The prescription proportion was higher for weekends (17.6%) than for weekdays (10.6%). The most frequently prescribed antibiotic drugs were beta-lactamase sensitive penicillins (34.9%), antibiotic eye drops (21.2%), and broad-spectrum penicillins (21.0%). Most antibiotic eye drops (73%) were prescribed in a telephone consultation. Most antibiotics were prescribed at 4 -6 p.m. on weekdays. Young infants received most antibacterial eye drops (41.3%), patients aged 5 -17 years and 18 -60 years received most beta-lactamase sensitive penicillins (44.6% and 38.9%, respectively), while patients aged 60 ϩ years received most broad-spectrum penicillins (32.9% of all antibiotic prescriptions). Conclusion. Antibiotics were most often prescribed in clinic consultations, but, in absolute terms, many were also prescribed by telephone. The high prescription proportion, particularly antibacterial eye drops for young infants, suggests room for improvement in rational antibiotic use.
Introduction
Increased prescription of antibiotics is a topic of concern and debate in many countries. Antibiotic resistance is a growing problem, which may delay or reduce effective treatment, and high exposure to antibiotics is considered a major cause of antibiotic resistance [1] . Denmark has traditionally had a low use of antibiotics, but its use has increased in the last decade, as in many other European countries [2, 3] . Several factors could be related to this change, including changes in medical needs (e.g. population ageing with altered needs), in guideline recommendations (e.g. amoxycillin-clavulanic acid for exacerbations of COPD), introduction of new antibiotics, and in prescribing behaviour of genereral practitioners (GPs) [3, 4] . Furthermore, it has been debated that the antibiotics may form part of effective and effi cient treatment of patients. Furthermore, having GPs answering the telephone may also limit follow-up consultations with the patient ' s own GP, the OOH primary care services, or other health-care providers.
To evaluate the existing system and suggest possible future interventions, we need to obtain systematically collected information concerning anti-biotic prescribing at OOH primary care services. We aimed to describe the frequency and characteristics of antibiotic prescribing (type of antibiotics, patient age and gender, contact type, and time of contact) in one of the Danish OOH primary care services.
Material and methods

Design and setting
We conducted a population-based retrospective observational study of all patient contacts with the OOH primary care service from June 2010 to May 2011. The study was performed in the Central Denmark Region (1.2 million citizens). In four of the fi ve Danish regions, GPs provide regional OOH primary care on a rotating basis. The regional OOH primary care service consists of two call centres and 13 consultation centres located throughout the region. Opening hours are from 4 p.m. to 8 a.m. on weekdays, during the entire weekend, and at holiday times. Patients in need of acute care outside offi ce hours must call the OOH primary care service, where GPs answer calls and perform telephone triage to decide type and level of health care needed. GPs can decide to end the contact on the telephone (i.e. telephone consultation), plan a face-to-face contact with a GP (i.e. clinic consultation or home visit), or refer the patient to the emergency department (ED) or ambulance care .
In general, 59% of all contacts are telephone consultations, 28% are clinic consultations, and 13% are home visits [10] . The OOH registration system is fully computerized, and each contact is registered in the patient ' s medical record through the unique civil registration (CPR) number assigned to every Danish citizen. An electronic copy of the record is subsequently sent to the patient ' s own GP, and data are transmitted to the regional administration for remuneration purposes as the GPs are paid a fee for service .
Data and variables
The electronic OOH registration system provided data on patient age and gender, date and time of contact, type of contact, and detailed prescription information on type, dose, and duration through Anatomic Therapeutic Chemical (ATC) coding [11] . Contact and prescription information was delivered in two separate datasets.
Age was categorized into the following groups: 0 -4, 5 -17, 18 -60, and 
Procedure for coding contacts with antibiotic prescription
We selected all antibiotics prescriptions on the basis of the registered ATC codes for antibiotic drugs. We made a list of all prescriptions by using the ATC level-5 codes, and two physician researchers independently defi ned and selected the antibiotic drugs on the basis of the WHO website coding system [11] and discussed the fi nal list to achieve consensus (see Box 1) on classifi cation of antibiotics.
Data analysis
Descriptive analyses of antibiotic prescription frequencies were performed, including percentage, 95% confi dence intervals (CI), and proportion. The prescription proportion (PP) was calculated by dividing number of antibiotic prescriptions by number of contacts. First, we presented the proportions of contact type, gender, age group, weekdays or weekend, and type of antibiotic. Second, we stratifi ed for type of contact, patient age group, weekdays or weekend, and type of antibiotic. STATA was used to perform the statistical analyses. 
Results
Frequency of antibiotic prescriptions
During the study period, 644 777 contacts with OOH primary care were identifi ed. Of these, 96 916 resulted in antibiotic prescription, corresponding to a prescription proportion of 15.0%, 95% confi dence interval (CI) 14.9 -15.1 ( 
Other antibiotics J01DB01 J01DC02
J01DH03 J01GB01
Note: * Name of the antibiotic group as used in this article. 
Types of antibiotic prescriptions
The most frequently prescribed antibiotics were beta-lactamase sensitive penicillins (prescription proportion: 5.2%), antibacterial eye drops (3.2%), and broad-spectrum penicillins (3.2%) ( Table II) . The type of prescribed antibiotic drug varied slightly with contact type. Antibacterial eye drops were prescribed most often in telephone consultations, followed by penicillins (beta-lactamase sensitive and broad-spectrum types of penicillin). In clinic consultations and home visits, beta-lactamase sensitive and broad-spectrum types of penicillins were most frequently prescribed. In total, 82.6% of all prescriptions for sulphonamides, trimethoprim, and nitrofurantoin and 73.0% of all antibacterial eye drops were prescribed in telephone consultations, whereas 66.5% of all beta-lactamase sensitive penicillins were prescribed in clinic consultations.
Types of antibiotics per age group
The most frequently prescribed types of antibiotics varied between age groups: antibacterial eye drops for infants aged 0 -4 years (41.3%) and beta-lactamase sensitive penicillins for children aged 5 -17 years (44.6%) and adults aged 18 -60 years (38.9%) (Table III) . Above 60 years, patients most frequently received broad-spectrum penicillins (32.9%).
Types of antibiotics for weekdays and weekends
Broad-spectrum penicillins were more frequently prescribed during weekdays than at weekends, for all contact types (Table IV) . For beta-lactamase sensitive penicillins the prescription proportion was higher during weekends than during weekdays. Antibacterial eye drops had a similar rate during weekdays and weekends.
At weekends antibiotics were more frequently prescribed on Saturdays than on Sundays, most often during the daytime. Most antibiotics were prescribed during weekdays (Monday to Friday) at 4 -6 p.m., just after the opening hours of the OOH primary care service and at 6 -8 p.m. (not in Table) . 18.4 (16.9 -19.9) 6.8 (5.8 -7.8) 13.0 (11.8 -14.4) 6.9 (6.0 -8. 48. 4 (47.9 -48.9) 18.4 (18.0 -18.8) 10. 8 (10.5 -11.2) 8.1 (7. 9 -8.4) 6.6 (6.3 -6.9) All 180 032 47 058 26. 1 (25.9 -26.3) 47. 8 (47.4 -48.3) 18.9 (18.6 -19.3) 11.1 (10. 8 -11.4) 7. 8 (7.5 -8.0) 6.9 (6.6 -7.1) Home visit: Weekdays 32 725 2822 8.6 (8.3 -8.9) 37. 1 (35.4 -38.9) Percentage of antibiotic prescriptions of all contacts. 3 Percentage of antibiotic prescriptions for all contacts resulting in an antibiotic prescription.
Discussion
Statement of principal fi ndings
In 15% of all contacts with the OOH primary care service, an antibiotic drug was prescribed; antibiotic drugs were prescribed more than twice as often in clinic consultations than in telephone consultations or on home visits. The most frequently prescribed antibiotic drugs were beta-lactamase sensitive penicillins, antibacterial eye drops, and broad-spectrum penicillins; antibacterial eye drops for children aged below fi ve years, beta-lactamase sensitive penicillins for patients aged 5 -60 years, and broad-spectrum penicillins for patients aged above 60 years. Nearly half of all antibiotics were prescribed in clinic consultations, but more than 40% of all antibiotics were prescribed in telephone consultations (in particular antibacterial eye drops, sulphonamides, trimethoprim, and nitrofurantoin). The highest prescription proportion was seen just after opening hours on weekdays (at 4 -6 p.m.).
Strengths and weaknesses
Our study included statistically precise data at detailed ATC level on all patient contacts at a regional OOH primary care service during a 12-month period, thus accounting for seasonal variations. We identifi ed all prescriptions made in a catchment area covering about 1.2 million inhabitants, and the GPs were unaware of the ongoing investigation. The automatic electronic data collection ensured complete and valid data with limited risk of information or selection bias. The organization of the setting was similar to that in other Danish regions. Our results may, therefore, be generalized to other settings. The routinely collected data did not allow us to review the indications for antibiotic prescriptions or measure guideline adherence.
Findings in relation to other studies
Home visits are generally reserved for severely ill patients. However, we did not fi nd a higher proportion of antibiotic prescriptions for home visits, and our data could not identify the reasons behind this fi nding (such as lower rate of infections, presence of medication at home, subsequent referral to a hospital, or low threshold for offering a home visit).
Patients often contact the OOH primary care services for health problems related to infections, which may increase the need for antibiotic prescriptions [16] . Several studies report that factors other than strictly medical indications infl uence decisions as to whether or not to prescribe antibiotics, such as a particular time of day or week, pending weekend, time constraints, and heightened workload [3, 4, 17, 18] . All these factors are more prominent in OOH primary care. We found an increased propensity for prescription of antibiotics during the fi rst opening hours of the OOH primary care service during weekdays. The high workload during these hours could be a possible explanation as a higher medical need for antibiotics is unlikely in this particular period. Yet, also lack of accessibility to one ' s own GP and convenience for the patient (i.e. direct and immediate access to an OOH GP) may play a role. During weekends antibiotics were more frequently prescribed; the longer time to opening hours of one ' s own GP could infl uence the prescription behaviour of the GPs on duty. One study found that GPs prescribed antibiotics in a similar way in and out of offi ce hours, but with signifi cant differences between individual GPs [19] . A Dutch study on guideline adherence at OOH primary care services found that prescription of antibiotics had a lower adherence score (69%) than prescription of pain medication and referral of patients, with over-prescription of antibiotics in 42% of cases and under-prescription in 21% of cases [20] .
The GPs prescribed nearly half (42%) of all antibiotics on the telephone. Most prescriptions were for antibacterial eye drops and broad-spectrum penicillin, but prescriptions for lower urinary tract infections (LUTIs) were also frequently made by telephone. It is questionable whether all these prescriptions were well indicated from a medical perspective. On the one hand, an uncomplicated case of LUTI can be treated with antibiotics prescribed solely on the basis of history-taking according to national guidelines. On the other hand, conjunctivitis, one of the main indications for prescription of antibacterial eye drops, is mostly of viral origin. Acute conjunctivitis is considered a self-limiting condition, and most patients get better regardless of antibiotic use [14] . Social context seems to play a role as well, because in Denmark child day care institutions often demand ongoing treatment of conjunctivitis for a child to be present. Full-time work participation of Danish women is high, so Danish families have high incitements for getting children to day care. Thus, future studies could focus on interventions aimed at reducing prescriptions for conjunctivitis (e.g. use of delayed or wait-and-see prescriptions) [15] .
GP telephone triage may also infl uence the prescription behaviour. GPs may, more often than nurses, decide to prescribe antibiotics in a telephone consultation rather than plan subsequent face-toface contact. Many of these patients may also receive an antibiotic prescription in a face-to-face contact.
Such a subsequent contact could increase " state of the art " prescribing, but may also decrease patient satisfaction (e.g. face-to-face contact may be less convenient) and put pressure on the consultation shifts.
Small-spectrum penicillins, such as betalactamase sensitive penicillins, were prescribed frequently. Yet a considerable proportion of prescriptions were for broad-spectrum penicillins, as well as for macrolides. We could not fi nd studies presenting comparable fi gures, but an increase in the use of broad-spectrum antibiotics has been described elsewhere [2, 4] . Even though we have no information on the indication for prescribing antibiotics and thus regarding appropriateness, this proportion seems relevant for future studies and interventions. The general recommendation for prescribing antibiotics is to minimize the use of broad-spectrum drugs as much as possible in order to avoid development of resistance.
Meaning of the study: implications
This study suggests that rational prescription of antibiotics in the OOH primary care services may be promoted in Denmark. An earlier Danish study indicated that an intervention in primary care may limit antibiotic prescribing considerably [21] . Our results suggest that areas for targeted intervention could be telephone prescriptions of antibacterial eye drops and penicillin. For instance, GPs could be recommended to advise self-care for conjunctivitis. The high number of antibiotic prescriptions for LUTIs in telephone consultations may be relevant, but it requires high quality of history-taking and clear indications for prescribing. This routine may cause ineffective treatment and lack of proper investigation for serious symptoms of LUTI.
Future studies should assess the medical appropriateness of antibiotic prescriptions in OOH primary care and should particularly address diagnosis, indications, and specifi c patient groups. The relation between access to diagnostic tests in OOH primary care services (e.g. C-reactive protein test and rapid strep test) and antibiotic prescription is also an important area for future studies. GPs currently have limited access to diagnostic tests, and this may affect the use of antibiotic drugs, particularly in the OOH service where patients in need of immediate care are unknown to the GPs and tend to be worried.
Conclusions
Antibiotics were most often prescribed in clinic consultations, but, in absolute terms, many were also prescribed by telephone. The prescription proportion seemed high, particularly antibacterial eye drops for young infants. Also, the frequent prescription of broad-spectrum penicillins and macrolides suggest room for improvement of rational antibiotic use, both in telephone consultations and in clinic consultations. Further studies on the appropriateness and motives for prescribing antibiotics in out-of-hours primary care are highly relevant to further promote rational prescription.
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